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[57] ABSTRACT 

A semiconductor integrated circuit includes an internal 
circuit, and ground and power supply lines for activating the 
internal circuit. An output MISFET is activated by periph 
eral circuit ground and power supply lines. For protection of 
the internal circuit from the effects of ground or power 
supply line noise, an impedance electrically separates the 
power supply lines for the internal and peripheral circuits 
and/or the ground lines for the peripheral and internal 
circuits. A surge protection circuit is provided between the 
gate of the output MISFET, and either or both of the ground 
and power supply lines for the peripheral circuitry. In 
response to a breakdown of the output MISFET due to a 
surge of static electricity, the surge protection circuit reduces 
the voltage dilference between the gate of the output MIS 
FET and either or both of the ground and power supply lines 
for peripheral circuitry, thus reducing the voltage applied 
across the gate insulation ?lm of the output MISFET and 
keeping the gate insulation ?lm from being damaged. 

30 Claims, 6 Drawing Sheets 
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SEMICONDUCTOR INTEGRATED CIRCUIT 
WITH SURGE-PROTECTED OUTPUT 

MISFET’S 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority bene?ts, under 35 USC 
119, of Japanese patent application no. 04-093970, ?led Apr. 
14th, 1992, the disclosure of which is incorporated herein by 
reference. Furthermore, this application is a continuation 
in-part of U.S. application Ser. No. 08/042,402, ?led Apr. 3, 
1993, the disclosure of which is also incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a semiconductor integrated cir 
cuit including MISFET’s (Metal Insulator Semiconductor 
Field Effect Transistors) and, more particularly, to a semi 
conductor integrated circuit having output MISFET transis 
tors which are subject to damage by static electricity. 

2. Description of the Related Art 
With the increasing speed of semiconductor integrated 

circuits constructed with MISFET’s, ?uctuations of ground 
or power supply line voltage during signal output at an 
external output terminal or an external input/output terminal 
(hereinafter, simply referred to as an external output termi 
nal), increases the amount of noise in the signal. 
A semiconductor integrated circuit generally has its power 

supply and ground lines for peripheral circuitry, and those 
for internal circuitry, divided by the pattern of its lines so 
that noise occurring at the lines for peripheral circuitry never 
aifects the internal circuitry connected to their own separate 
power supply and ground lines. 
A prior semiconductor integrated circuit constructed with 

MISFET’ s includes an input circuit which is connected to its 
own power supply and ground lines. The output side of the 
input circuit is connected to an internal circuit on an output 
side. The internal circuit is in turn connected to an output 
circuit having inverters, the inverters being connected to an 
external output terminal. The internal and output circuitry 
are connected to a second set of power supply and ground 
lines which are separated from, or electrically connected via 
respective impedances with, the power supply and ground 
lines for the input circuit. Therefore, the power supply and 
ground lines for the output and internal circuitry will not 
transmit, to the input circuit, power supply voltage ?uctua 
tions caused by the internal circuit. Consequently, such 
?uctuations will not reduce the voltage margin of the input 
circuit for detecting the input signal. Moreover, to further 
protect the circuit from mal?mctions due to noise in the 
ground and power supply lines, the output transistors are 
typically connected to their power supply line and/or ground 
line through a high impedance. - 

Conventionally, the external output terminal of a semi 
conductor integrated circuit has a lower input impedance 
than the external input terminal. Therefore in the past, such 
semiconductor integrated circuits have had stronger resis 
tance to damage from static electricity appearing on their 
external output terminal, than from static electricity appear 
ing on the external input terminal. For conventional semi 
conductor integrated circuits constructed with MISFET’s, 
the gate insulation ?lm of the MISFET’s forming the input 
circuit is subject to damage from a static charge on the 
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2 
external input or output terminal. Therefore protection cir 
cuits are generally provided for protecting the transistors of 
the input circuit. For example, an input protection circuit has 
been provided between the external input terminal and the 
input power supply and ground lines, respectively. Another 
protection circuit has been provided between the external 
input and output terminals. 

In such a circuit, when a surge is induced by a static 
electrical charge on the external input terminal, the charge 
producing a higher voltage than the reverse breakdown 
voltage of the input MISFET’s, the input protection circuit 
provides a path for escape of the static charge to either the 
input circuit’s power supply line or ground line. Thus, the 
input protection circuit prevents the gate insulation ?lm of 
input MISFET’s from being damaged. 

Also, if a static charge on the external input terminal 
reaches several kilovolts, while the voltage level of the 
external output terminal is at ground, the protection circuit 
between the two terminals carries the surge current to the 
external output terminal, thereby preventing the gate insu 
lation ?lm of the input MISFET from being damaged. 
Similarly, if a high voltage surge of static electricity is 
applied to the external output terminal while the voltage on 
the external input terminal is at ground level, the same 
protection circuit protects the input MISFET by conducting 
the charge to the external input terminal. However, these 
protection circuits will not protect the gate insulation ?lm of 
an output MISFET of the output circuit, from the effects of 
a surge of static electricity therethrough between the exter 
nal output terminal and the ground and power supply lines, 
as will be described below. 

With the shrinkage of such semiconductor integrated 
circuits, MISFET’s are now being formed with a LDD 
(Lightly Doped Drain) structure in order to avoid lowering 
of reliability caused by injection of hot carriers. However, 
output circuit MISFET’s having LDD structures are more 
prone than their predecessors to damage from static elec 
tricity on the external output terminal. That is, when the 
power supply and/or ground lines are divided for the internal 
and peripheral circuitry, by having a high impedance in the 
lines connecting the output circuit MISFET’s to the power 
supply and/or ground terminal, the MISFET cannot with 
stand the high drain to gate voltage which the high imped 
ance maintains although the MISFET is conducting. This 
can present a problem for the shrinkage of semiconductor 
circuits which use MISFET’s. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a semiconductor 
integrated circuit, including especially divided ground and 
power supply lines for internal and peripheral circuits, and 
having an improved capability to protect a gate insulation 
?lm of an output transistor against damage caused by a 
current surge from static electricity on the external output 
terminal. 
The foregoing object is accomplished with a semiconduc 

tor integrated circuit in which a protection circuit is provided 
between the gate of an output transistor and the ground and 
power supply lines for peripheral circuitry, which lines are 
separated by impedance from ground and power supply lines 
for the internal circuitry. The protection circuit acts to reduce 
the voltage between the gate of the output transistor and the 
ground and power supply lines for the peripheral circuit 
when the output transistor experiences a breakdown due to 
a surge of static electricity. The protection circuit thereby 
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protects the gate insulation ?lm of the output transistor from 
being damaged. 

Thus, a semiconductor integrated circuit according to the 
invention includes an internal circuit for providing an inter 
nal signal, and ?rst power supply and ground lines for 
activating the internal circuit. An output MISFET circuit, 
responsive to the internal signal for outputting an output 
signal to an external output terminal, is activated by second 
power supply and ground lines. An impedance circuit elec 
trically connects at least the second power supply line to the 
?rst power supply line or the second ground line to the ?rst 
ground line. A surge protection means is provided between 
a gate circuit of the output MISFET circuit, and at least the 
second ground line or the second power supply line. The 
surge protection circuit is responsive to a breakdown of the 
MISFET circuit, to reduce the voltage diiference between 
the gate circuit and either or both of the second power supply 
line and the second ground line. Thereby, the surge protec 
tion circuit protects the output MISFET circuit from damage 
by a surge of static electricity on the external output termi 
nal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and features of the invention 
will be apparent to those skilled in the art from the following 
detailed description of preferred embodiments of the inven 
tion, when considered with the accompanied drawings, in 
which: 

FIG. 1 is a schematic circuit diagram of a conventional 
semiconductor integrated circuit; 

FIG. 2 is a circuit diagram showing an arrangement for 
testing the e?cect of static electricity on the output terminal 
of the conventional circuit shown in FIG. 1; 

FIG. 3 is a graphical representation of voltage character 
istics of the gate insulation ?lm of an output transistor in the 
semiconductor integrated circuit shown in FIG. 2; 

FIG. 4a is a circuit diagram of a semiconductor integrated 
circuit according to one embodiment of the invention; 

FIG. 4b is a circuit diagram of a semiconductor integrated 
circuit according to another embodiment of the invention; 

FIG. 5 is a circuit diagram of an arrangement for testing 
the e?°ect of static electricity on the output terminal of the 
circuit shown in FIG. 4a; and 

FIGS. 6 to 8 are circuit diagrams of semiconductor 
integrated circuits according to other embodiments of the 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A conventional semiconductor integrated circuit using 
MISFET’s, of a type described in Japanese Unexamined 
Patent Publication No. 2-090669, is shown in FIG. 1. The 
semiconductor integrated circuit has power supply and 
ground lines for an input circuit, and separate power supply 
and ground lines for internal and output circuits. 
The semiconductor integrated circuit includes an input 

circuit 1. The input circuit 1 is connected to a power supply 
voltage VDD by a ?rst power supply line 2, and to a ?rst 
ground line 3. The input side of the circuit 1 is connected to 
an external input terminal 4. The output side of the circuit 1 
is connected to internal circuitry 5. An output side of the 
internal circuitry 5 is connected to an output circuit 6. 
Inverters on the output side of the output circuit 6 are 
connected to an external output terminal 7. The internal 
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circuitry 5 and output circuit 6 are connected to a second 
power supply line 8 and a second ground line 9. Lines 8 and 
9 are separated from, or electrically connected, via respec 
tive impedance elements, with the ?rst power supply line 2 
and the ?rst ground line 3. 
The internal circuitry 5 may cause ?uctuations in the 

voltage on the second power supply and ground lines 8, 9. 
However, since the lines 2, 3 are separated from the second 
power supply and ground lines 8, 9, the lines 2, 3 do not 
transmit the voltage ?uctuations to the input circuit 1. 

Protection circuits 10 and 11 are provided for protecting 
the MISFET transistors of the input circuit 1. An input 
protection circuit 10 includes a p-channel type MISFET 10a 
connected between the external input terminal 4 and the ?rst 
power supply line 2. The protection circuit 10 also includes 
an n-channel type MISFET 1012 connected between the 
external input terminal 4 and the ?rst ground line 3. The 
protection circuit 11 includes an n-channel type MISFET 
11a whose drain and gate are connected to the external input 
terminal 4 and whose source is connected to the external 
output terminal 7. The protection circuit 11 also includes an 
n-channel type MISFET 1111 whose drain is connected to the 
external input terminal 4 and whose source and gate are 
connected to the external output terminal 7. 

When a surge of static electricity is induced by a voltage, 
on the terminal 4, higher than a reverse breakdown voltage 
of the MISFET’s of the input circuit 1, the MISFET’s 10a, 
10b in the input protection circuit 10 carry the static elec 
tricity to either the ?rst power supply line 2 or the ?rst 
ground line 3. This prevents a breakdown of the gate 
insulation ?lm of the MISFET’s forming the input circuit 1. 
When a surge by static electricity is created as a result of a 
voltage of several kilovolts on the external input terminal 4 
while the voltage level of the external output terminal 7 is at 
ground, the MISFET 11a conducts the charge to the external 
output terminal 7, likewise preventing a breakdown of the 
gate insulation ?lm of the MISFET’s forming the input 
circuit 1. 

Similarly, when a high voltage surge by static electricity 
is applied to the external output terminal 7 while the voltage 
on the external input terminal 4 is at ground level, the 
MISFET 11b conducts the charge to the external input 
terminal 4. Thus, the protection circuit 11 is able to absorb 
surges caused by static electricity applied between the 
external input and output terminals 4, 7, thereby to prevent 
damage from a breakdown of the gate insulation ?lm of the 
MISFET’s forming the input circuit 1. 

However, the protection circuit 11 cannot protect the gate 
insulation ?lm of the output MISFET’s of the output circuit 
6 from being damaged by a surge of static electricity 
between the external output terminal and the ground or 
power supply lines. This may be understood by referring to 
FIG. 2, which shows in greater detail an essential part of the 
conventional semiconductor integrated circuit of FIG. 1, 
elements in common with those in FIG. 1 being identi?ed by 
the same reference numbers. The circuit is shown connected 
to an arrangement for simulating and testing the elfect of 
static electricity on the circuit. 

The internal circuitry 5 includes circuits 5a and 512 
connected to a ground terminal 12 by a ground line 9b. The 
internal circuits 5a, 5b are connected to a power supply 
terminal 13 by a power supply line 8b. The output circuit 6 
includes a ?rst output MISFET 6a connected to the ground 
terminal 12 by a peripheral ground line 9a, and second 
output MISFET 612 connected to a power supply terminal 13 
by a peripheral power supply line 8a. The output transistors 
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6a, 6b are controlled by outputs of the internal circuits 5a, 
5b through their respective gates. Zl in FIG. 2 represents an 
impedance between the peripheral ground line 9a and the 
ground terminal 12. 
The external output terminal 7 is shown connected to a 

test arrangement which includes, in series, a resistor RD, a 
capacitor CD and a switch SW. Application of a surge of 
static electricity to the terminal 7 is simulated by storing a 
charge on the capacitor CD and closing the switch SW. The 
surge causes an output transistor, for example the output 
MISFET 6a, to break down. The surge ?ows into the 
peripheral ground line 9a through the MISFET 6a. However, 
since there is an impedance Z1 between the peripheral 
ground line 9a and the external ground terminal 12, the 
potential on the source electrode S of the output transistor 6a 
increases. On the other hand, the gate potential VB of the 
MISFET 6a is at ground level, since the gateof the MISFET 
6a is connected to the ground line 912 in this situation via the 
internal circuit 5a. Consequently, a voltage Vmx is applied 
across the gate insulation ?lm between the drain D and the 
gate G of the output MISFET 6a. 
The voltage Va”, is shown graphically as a function of 

time t in FIG. 3, for three cases: 

(1) when the impedance Z1 is in?nite (line 21); 
(2) when the impedance Z1 is zero (line 23); and 
(3) when the impedance Z1 has an intermediate value 

(line 22). ' 
Referring to FIG. 3, V1 is a voltage level CD-VA/(CD+C), 

where CD is the capacitance of the capacitor CD, C is the 
total capacitance of the circuit between the external output 
terminal 7 and the ground terminal 12, and V A is the voltage 
externally applied to the capacitor CD. V2 is a minimum 
voltage level which would damage the gate insulation ?lm 
if applied between the drain D and the gate G of the output 
transistor 6a. The voltage V3 is the level of a breakdown 
voltage BVSD between the drain D and the gate G of the 
output transistor 6a. Time t1 is the time of breakdown of the 
output transistor 6a. 
As can be seen from FIG. 3, if the impedance Z1 is in?nite 

(line 21), the voltage Vcox will approach the maximum value 
V1 given by the formula CD-VA/(CD+C). This provides 
maximum protection against ground noise. However, since 
V1 is greater than the breakdown voltage BVSD, for the 
selected applied voltage V A, damage to the output transistor 
6a will result from static electricity at this level. 

If the impedance Z1 is zero or small (line 23), the source 
to drain voltage Vwx reaches a maximum voltage value just 
below the breakdown voltage (BVSD), so that damage to the 
transistor 6a will not occur. This result is dependent on the 
fact that output the transistor is generally designed so that 
the minimum voltage for damaging its gate insulation ?lm is 
higher than BVSD. Such a low value of impedance is 
generally selected only where the risk of malfunction from 
ground noise is determined to be small. 

Sometimes, the impedance Z1 has a large, intermediate 
value (line 22), as a tradeo?" or compromise between pro 
tection from malfunctions due to ground noise and damage 
from static electricity. The present invention reduces the 
need for such a compromise and eliminates the risk of 
damage to the output MISFET’s from static electricity on 
the external output terminal. 

Referring now to FIG. 4a, a portion of a semiconductor 
integrated circuit according to a preferred embodiment of 
the invention is shown. Reference numerals common to 
those in FIGS. 1 and 2 designate the same or corresponding 
elements. The illustrated portion of FIG. 4a may be used in 
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6 
combination the input circuit 1 and protection circuits 10 
and 11 shown in FIG. 1. 
The semiconductor integrated circuit of FIG. 4a includes 

a pair of internal circuits 5a, 5b, each constructed with a 
plurality of MISFET’s, which are arranged in a manner 
known to those skilled in the art. A pair of one n-channel 
MISFET output transistor 6a and one p-channel MISFET 
output transistor 61;, connected to form an output stage, have 
their respective gates connected to output sides of the 
internal circuits 5a, 5b. The internal circuits 5a, 5b are each 
connected to a ground terminal 12, through a ground line 9b, 
and to a power supply terminal 13 for a power supply 
voltage VDD, through a power supply line 8b. The drain D 
of the output transistor 6a is connected to an external output 
terminal 7, and its source S is connected to a ground line 9a 
for peripheral circuitry. The ground line 9a connects to the 
ground terminal 12 through an impedance 2,. The drain D 
of the output transistor 6b connects to the external output 
terminal 7, and its source S connects to a power supply line 
8a for the peripheral circuitry. The power supply line 8a 
connects to the power supply terminal 13 through an imped 
ance Z2. 
The semiconductor integrated circuit is provided with a 

surge protection circuit 30 which includes a pair of n-chan 
nel MISFET’s as surge protection transistors 30a, 30b. The 
protection transistor 30a has its source S connected to the 
ground line 9a and its drain D connected to the gate G of the 
output transistor 6a. The protection transistor 30b has its 
source S connected to the power supply line 8a and its drain 
D connected to the gate G of the output transistor 6b. The 
gates G of the protection transistors 30a, 30b are connected 
to the ground line 9a. 
The thus described semiconductor integrated circuit can 

protect the output transistors 6a, 6b from damage by a 
positively charged surge current caused by static electricity 
on the external output terminal 7. Ifthe protection transistors 
30a, 30b were not provided as shown in FIG. 4a, the gate 
insulation ?lm between the drain and the gate of the output 
transistor 6a could easily be damaged, as could the gate 
insulation ?lm of the output transistor 6b. However, by 
providing the protection transistors 30a, 30b, when a surge 
resulting from static electricity on the output terminal 7 
causes the output transistor 6a to break down, the potential 
of the ground line 9a increases. However, the increased 
potential of the ground line 9a is applied to the gate G of the 
protection transistor 30a, thereby activating the transistor 
30a. As a result, the gate G of the output transistor 6a has 
its potential increased as well, through the protection tran 
sistor 30a. Consequently, the voltage Vmx occurring across 
the gate insulation ?lm between the drain and the gate of the 
output transistor 6a is lowered. Furthermore, the increased 
potential of the ground line 9a is also applied to the gate G 
of the protection transistor 30b, thereby activating it and 
increasing the potential on the gate G of output transistor 6b 
in accordance with the impedance Z2. Therefore, it become 
possible to increase the externally applied voltage to the 
terminal 7 without damaging the gate insulation ?lm of 
either output transistor 6a or output transistor 6b. 
The arrangement shown in FIG. 4b is the same as that 

shown in FIG. 4a except for a modi?ed surge protect ion 
circuit 30‘. Circuit 30', like circuit 30, includes an n-channel 
protection transistor 30a, whose drain D is connected to the 
gate G of output transistor 6a and whose gate G and source 
S are connected to the ground line 9a. Protection transistor 
30b, however, is a p~channel MISFET whose gate G is 
connected to the power supply line 8a rather than ground 
line 9a. Consequently, protection transistor 30b in circuit 30' 
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is activated when current surges through impedance Z2 
following a break-down of output transistor 6b, instead of 
being activated along with protection transistor 30a by a 
current surge through impedance Z1 as in circuit 30. 
The following TABLE 1 provides a comparison of mini 

mum voltage values on the output terminal 7 necessary to 
damage the semiconductor integrated circuits when a static 
electricity damage test was performed on (i) a circuit having 
protection transistors as shown in FIG. 4a and (ii) a circuit 
without such a protection transistor as shown in FIG. 2. A 
MIL standard No. 883C/Method 3015-7 was used, accord 
ing to the arrangement shown in FIG. 5. 

TABLE 1 

Specimen without Specimen with 
protection transistor protection 

Minimum damage 500 V 2500 V 
causing voltage 

In these tests, a pair of specimens 100 consisting respec 
tively of semiconductor integrated circuit devices as shown 
in FIGS. 4a and 2, was prepared. The ground terminal 12 of 
each specimen 100 was connected to the ground potential. 
The external output terminal 7 was connected to a 1.5 k-ohm 
discharge resistor RD. The discharge resistor RD was con 
nected to a 100 pF discharge capacitor CD, and to a direct 
current power source E, through a switch SW. Each speci 
men had a gate insulation ?lm thickness of 200A, a p-type 
substrate and a LDD transistor structure. After the switch 
SW was turned to permit the direct current source E to 
charge the discharge capacitor CD, the switch SW was 
turned to apply a simulated surge of current to the external 
output terminal 7 through the discharge resistor RD. 
As is shown in TABLE 1, the minimum voltage to cause 

damage to the output transistor 6a increased ?ve times when 
the protection transistor 30a was installed in the integrated 
circuit, thus con?rming the eifectiveness of the invention. 
The protection transistor 30b operates equally effectively to 
protect the output transistor 611 when a surge by static 
electricity is impressed on the external output terminal 7 
while the power supply terminal 13 is at ground potential. 

Referring to FIG. 6, another embodiment of the semicon 
ductor integrated circuit according to the invention is shown. 

In this semiconductor integrated circuit, the impedance 
between the power supply line 8a for peripheral circuitry, 
and the power supply terminal 13, is low, and the impedance 
Z1, between the ground line 90 for the peripheral circuitry, 
and the ground terminal 12, is high. A protection transistor 
30a therefore is provided only on the side of the output 
transistor 6a connected to the ground line 9a. 

Thus, when a surge by static electricity is impressed on 
the external output terminal 7, the gate insulation ?lm 
between the drain and the gate of the output transistor 6b is 
not damaged, since the impedance between the power sup 
ply line 8a and the power supply terminal 13 is low. 
However, since the impedance Z1 between the ground line 
9a and the ground terminal 12 is high, such a static elec 
tricity surge causes a high voltage to be applied between the 
drain D and the gate G of the output transistor 6a. If a 
breakdown of the output transistor 6a occurs at that time, the 
potential on the ground line 911 increases as would similarly 
occur in the semiconductor integrated circuit shown in FIG. 
2. However, since the potential of the gate G of the output 
transistor 6a increases through the protection transistor 30a, 
the potential difference between the drain D and the gate G 
of the output transistor 6a is kept small. Consequently 
damage to the gate insulation ?lm therebetween is avoided. 
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In addition, when the impedance Z1 between the ground 

line 9a and the ground terminal 12 is low and the impedance 
between the power supply line 8a and the power supply 
terminal 13 is high, the protection transistor 30a is not 
necessary. The semiconductor integrated circuit then can be 
formed with a protection transistor 30b in the position 
shown in FIG. 4b, to protect only the output transistor 617. 

FIG. 7 shows another embodiment of the semiconductor 
integrated circuit according to the invention. In this semi 
conductor integrated circuit, a protection circuit which 
includes a pair of junction diodes 31a, 31b is installed in lieu 
of the protection transistors 30a, 30b shown in FIGS. 4a and 
4b. The anode and the cathode of the junction diode 31a 
respectively are connected to the source S and the gate G of 
the output transistor 6a. The anode and the cathode of the 
junction diode 31b respectively are connected to the source 
S and the gate G of the output transistor 612. 
When a surge by static electricity is impressed on the 

external output terminal 7 of the circuit shown in FIG. 7, the 
potential difference between the drain D and the gate G on 
each of the output transistors 6a, 6b becomes small, as in the 
case of the embodiments of FIGS. 4a and 4b described 
above. Thus, the diodes 31a, 31b similarly prevent damage 
to the gate insulation ?lm of the output transistors 6a, 6b. 
Also, with junction diodes 31a, 31b instead of the transistors 
30a, 30b, the semiconductor integrated circuit of FIG. 7 has 
a simpler wiring structure. 

FIG. 8 shows another embodiment of the invention in 
which a protection circuit which includes a pair of capacitors 
32a, 32b is installed in lieu of the protection transistors 30a, 
30b shown in FIGS. 4a and 412. One capacitor 32a is 
connected between the ground line 9a for peripheral cir 
cuitry and the gate G of the output transistor 6a. The other 
capacitor 32!) is connected between the power supply line 8a 
for peripheral circuitry and the gate G of the output transistor 

When a damage test is performed using the arrangement 
shown in FIG. 8, an electric charge is ?rst stored on the 
discharge capacitor C D, using the direct current source E. To 
simulate a surge of static electricity to the external output 
terminal 7, the capacitor CD is discharged through the 
discharge resistor RD by controlling the switch SW. The 
simulated surge breaks down the output transistor 6a so that 
the potential on the ground line 9a increases. When the 
potential of the ground line 9a increases, a current 1 ?ows 
from the ground line 9a to the ground terminal 12 through 
the capacitor 32a and the internal circuit 5a. This current 
?ow decreases the potential on the source S and drain D of 
the output transistor 6a. Accordingly, the maximum value of 
the voltage Vmx, applied to the gate insulation ?lm between 
the drain D and gate G of the output transistor 6a, is reduced, 
so that damage to the gate insulation ?lm is avoided. 

It is to be noted that although the semiconductor inte 
grated circuit according to the invention is described above 
with reference to preferred embodiments, other variations 
may be possible. For example, although the junction diodes 
31a, 31b and the capacitors 32a, 32b are provided for both 
output transistors 6a, 6b, as shown respectively in FIGS. 7 
and 8, if a high impedance is required on only one side of 
the output transistors, then a protection circuit which 
includes only one diode or capacitor need be provided. 
Similarly to the embodiment of FIG. 6, in which only one 
protection transistor 30a is provided, a capacitor or diode 
can be provided only on the side of the output transistors at 
which the impedance is high, without any loss in effective 
ness of the protection circuit. 

It is understood that although the invention has been 
described in detail with respect to preferred embodiments 
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thereof, the invention is not limited thereto. Other embodi 
ments and variations which fall within the scope and spirit 
of the invention will be apparent to those skilled in the art, 
the invention being limited only by the following claims. 
What is claimed is: 
1. A semiconductor integrated circuit, comprising: 
an external output terminal; 
an input circuit, said input circuit having an input terminal 

for receiving an input signal; 
an internal circuit for providing an internal signal, said 

internal circuit being connected to said input circuit; 
a ?rst power supply line and a ?rst ground line, connected 

for activating said internal circuit; 
an output MISFET circuit, responsive to the internal 

signal from said internal circuit, for outputting an 
output signal to said external output terminal; 

a second power supply line and a second ground line, 
connected for activating said output MISFET circuit; 

an impedance circuit, electrically connecting at least said 
second power supply line to said ?rst power supply line 
or said second ground line to said ?rst ground line; and 

a surge protection circuit, located between a gate circuit of 
said output MISFET circuit, and at least said second 
power supply line or said second ground line, and 
responsive to a breakdown of said output MISFET 
circuit, for reducing a voltage di?erence between said 
gate circuit and either or both of said second power 
supply line and said second ground line, thereby to 
protect said output MISFET circuit from damage by a 

20 

25 

surge of static electricity on said external output ter 
minal. 

2. A semiconductor integrated circuit according to claim 
1, wherein said impedance circuit connects only said ?rst 
and second ground lines, said surge protection circuit con 
necting said gate circuit only to said second ground line. 

3. A semiconductor integrated circuit according to claim 
1, wherein said impedance circuit connects said ?rst and 
second power supply lines, said surge protection circuit 
connecting said gate circuit to said second power supply 
line. 

4. A semiconductor integrated circuit according to claim 
1, wherein said surge protection circuit comprises at least 
one diode. 

5. A semiconductor integrated circuit according to claim 
1, wherein said surge protection circuit comprises at least 
one capacitor. 

6. A semiconductor integrated circuit according to claim 
1, wherein said impedance circuit comprises a ?rst imped 
ance connecting said ?rst ground line to said second ground 
line and a second impedance connecting said ?rst power 
supply line to said second power supply line, said surge 
protection circuit comprising a ?rst surge protection circuit 
for reducing a voltage diiference between said gate circuit 
and said second ground line, and a second surge protection 
circuit for reducing a voltage difference between said gate 
circuit and said second power supply line. 

7. A semiconductor integrated circuit according to claim 
6, wherein said ?rst surge protection circuit comprises a ?rst 
diode circuit connecting said gate circuit to said second 
ground line, and said second surge protection circuit com 
prises a second diode circuit connecting said gate circuit to 
said second power supply line. 

8. A semiconductor integrated circuit according to claim 
7, wherein said internal circuit comprises ?rst and second 
internal circuits, each actuated by said ?rst power supply 
line and said ?rst ground line, each of said ?rst and second 

35 

40 

45 

55 

65 

10 
internal circuits having a respective output side, said output 
MISFET circuit comprising a ?rst output MISFET con 
nected between said output terminal and said second ground 
line, and a second output MISFET connected between said 
output terminal and said second power supply line, said ?rst 
and second output MISFET’s having respective ?rst and 
second gates, said ?rst gate being connected to the output 
side of said ?rst internal circuit, said second gate being 
connected to the output side of said second internal circuit, 
said ?rst diode circuit being connected between said ?rst 
gate and said second ground line, and said second diode 
circuit being connected between said second gate and said 
second power supply line. 

9. A semiconductor integrated circuit according to claim 
6, wherein said ?rst surge protection circuit comprises a ?rst 
capacitor circuit connecting said gate circuit to said second 
ground line, and said second surge protection circuit com 
prises a second capacitor circuit connecting said gate circuit 
to said second power supply line. 

10. A semiconductor integrated circuit according to claim 
9, wherein said internal circuit comprises ?rst and second 
internal circuits, each actuated by said ?rst power supply 
line and said ?rst ground line, each of said ?rst and second 
internal circuits having a respective output side, said output 
MISFET circuit comprising a ?rst output MISFET con 
nected between said output terminal and said second ground 
line, and a second output MISFET connected between said 
output terminal and said second power supply line, said ?rst 
and second output MISFET’s having respective ?rst and 
second gates, said ?rst gate being connected to the output 
side of said ?rst internal circuit, said second gate being 
connected to the output side of said second internal circuit, 
said ?rst capacitor circuit being connected between said ?rst 
gate and said second ground line, and said second capacitor 
circuit being connected between said second gate and said 
second power supply line. 

11. A semiconductor integrated circuit according to claim 
6, wherein said ?rst surge protection circuit comprises a ?rst 
protection MISFET, said ?rst protection MISFET connect 
ing said gate circuit to said second ground line, said second 
surge protection circuit comprising a second protection 
MISFET said second protection MISFET connecting said 
gate circuit to said second power supply line. 

12. A semiconductor integrated circuit according to claim 
11, wherein said internal circuit comprises ?rst and second 
internal circuits, each actuated by said ?rst power supply 
line and said ?rst ground line, each of said ?rst and second 
internal circuits having a respective output side, said output 
MISPET circuit comprising a ?rst output MISFET con 
nected between said output terminal and said second ground 
line, and a second output MISFET connected between said 
output terminal and said second power supply line, said ?rst 
and second output MISFET’s having respective ?rst and 
second gates, said ?rst gate being connected to the output 
side of said ?rst internal circuit, said second gate being 
connected to the output side of said second internal circuit, 
said ?rst protection MISFET being connected between said 
?rst gate and said second ground line, and said second 
protection MISFET being connected between said second 
gate and said second power supply line. 

13. A semiconductor integrated circuit according to claim 
1, wherein said input circuit includes MISFET’s and has an 
input side connected to said input terminal and an output 
side connected to an input side of said internal circuit, and 
further comprising 

a third power supply line and a third ground line, for 
activating said input circuit; and 



5,608,594 
11 

an input circuit protection circuit, including a plurality of 
MISFET’s, for protecting said input circuit from an 
electrical power surge impressed on said external input 
terminal or said external output terminal. 

14. A semiconductor integrated circuit according to claim 
1, wherein said impedance circuit comprises an impedance 
connecting said ?rst ground line to said second ground line, 
said surge protection circuit comprising a MISFET and 
being connected only between said gate circuit and said 
second ground line, for reducing a voltage di?’erence 
between said gate circuit and said second ground line. 

15. A semiconductor integrated circuit according to claim 
14, wherein said internal circuit comprises ?rst and second 
internal circuits, each actuated by said ?rst power supply 
line and said ?rst ground line, each of said ?rst and second 
internal circuits having a respective output side, said MIS 
FET circuit comprising a ?rst MISFET connected between 
said output terminal and said second ground line, and a 
second MISFET connected between said output terminal 
and said second power supply line, said ?rst and second 
MISFET’s having respective ?rst and second gates, said ?rst 
gate being connected to the output side of said ?rst internal 
circuit, said second gate being connected to the output side 
of said second internal circuit, and the MISFET of said surge 
protection circuit being connected between said ?rst gate 
and said second ground line. 

16. A semiconductor integrated circuit according to claim 
1, wherein said output MISFET circuit comprises MISFET’ s 
having lightly doped drain structures. 

17. A semiconductor integrated circuit according to claim 
1, wherein said output MISFET circuit comprises an n-chan 
nel MISFET and said surge protection circuit comprises at 
least one n-channel MISFET. 

18. A semiconductor integrated circuit according to claim 
1, wherein said output MISFET circuit comprises a p-chan 
nel MISFET and said surge protection circuit comprises at 
least one p-channel MISFET. 

19. A semiconductor integrated circuit, comprising: 
an external output terminal; 
an input circuit, said input circuit having an input terminal 

for receiving an input signal; 
an internal circuit for providing an internal signal, said 

internal circuit being connected to said input circuit; 
a ?rst power supply line and a ?rst ground line, connected 

for activating said internal circuit; 
an output MISFET circuit, responsive to the internal 

signal from said internal circuit, for outputting an 
output signal to said external output terminal; 

a second power supply line and a second ground line, 
connected for activating said output MISFET circuit; 

a ?rst connecting circuit having high impedance and a 
second connecting circuit having low impedance, one 
of the ?rst and second connecting circuits having a ?rst 
side connected to said ?rst ground line and a second 
side connected to said second ground line so as to 
electrically connect said second ground line to said ?rst 
ground line, and the other of said ?rst and second 
connecting circuits having a ?rst side connected to said 
?rst power supply line and a second side connected to 
said second power supply line so as to electrically 
connect said second power supply line to said ?rst 
power supply line; and 

a surge protection circuit, located between a gate circuit of 
said output MISFET circuit, and the second side of said 
?rst connecting circuit, and responsive to a breakdown 
of said output MISFET circuit, for reducing a voltage 
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12 
difference between said gate circuit and said second 
side of said ?rst connecting circuit, thereby to protect 
said output MISFET circuit from damage by a surge of 
static electricity on said external output terminal. 

20. A semiconductor integrated circuit according to claim 
19, wherein said ?rst connecting circuit connects said ?rst 
and second ground lines, said surge protection circuit con 
necting said gate circuit only to said second ground line. 

21. A semiconductor integrated circuit according to claim 
19, wherein said surge protection circuit connects said gate 
circuit to the second side of only said ?rst connecting circuit. 

22. A semiconductor integrated circuit according to claim 
19, wherein said surge protection circuit comprises a MIS 
FET. 

23. A semiconductor integrated circuit according to claim 
22, wherein said internal circuit comprises ?rst and second 
internal circuits, each actuated by said ?rst power supply 
line and said ?rst ground line, each of said ?rst and second 
internal circuits having a respective output side, said MIS 
FET circuit comprising a ?rst MISFET connected between 
said output terminal and said second ground line, and a 
second MISFET connected between said output terminal 
and said second power supply line, said ?rst and second 
MISFET’s having respective ?rst and second gates, said ?rst 
gate being connected to the output side of said ?rst internal 
circuit, said second gate being connected to the output side 
of said second internal circuit, and the MISFET of said surge 
protection circuit being connected between said ?rst gate 
and said second ground line. 

24. A semiconductor integrated circuit according to claim 
19, wherein said surge protection circuit comprises a capaci 
tor. 

25. A semiconductor integrated circuit according to claim 
19, wherein said surge protection circuit comprises a diode. 

26. A semiconductor integrated circuit for use with a 
power supply which provides ?rst and second potentials, the 
second potential being lower than the ?rst potential, com 
prising: 

an input circuit having an input terminal for receiving an 
input signal; 

?rst, second, and third nodes, the ?rst node receiving the 
?rst potential and the second node receiving the second 
potential; 

an internal circuit for providing an internal signal; 

an output terminal coupled to the third node; 
a ?rst transistor having a ?rst gate electrode to which the 

internal signal from said internal signal is applied, 
coupled between the ?rst and third nodes; 

a second transistor having a second gate electrode to 
which the internal signal from said internal circuit is 
applied, coupled between the second and third nodes; 
and 

a ?rst protection circuit coupled between the second gate 
electrode and the second node, for de?ning a potential 
of the second gate electrode in response to the potential 
of the second node. 

27. The semiconductor integrated circuit according to 
claim 26, further comprising a second protection circuit 
coupled between the ?rst gate electrode and the ?rst node, 
for de?ning a potential of the ?rst gate electrode in response 
to the potential of the ?rst node. 

28. A semiconductor integrated circuit, comprising: 
an external output terminal; 
an input circuit having an input terminal and an output; 
an internal circuit having an input and an output, the input 

of the internal circuit being connected to the output of 



5,608,594 
13 

the input circuit, the internal circuit providing an inter 
nal signal at its output; 

?rst and second lines, one of said ?rst and second lines 
being a power supply line, the other being a ground 
line, said ?rst and second lines being connected for 
activating said internal circuit; 

output circuit means, responsive to the internal signal, for 
outputting an output signal to said external output 
terminal, said output circuit means including a MIS 
FET having a gate; 

means for connecting said output circuit means to each of 
said ?rst and second lines, so as to provide power for 
activating said output circuit means, said connecting 
means including an impedance having a ?rst side 
connected to said ?rst line a second side connected to 
said output circuit means; 

a surge protection circuit including surge protection 
means, connected between said gate and said second 
side of said impedance, and responsive to a breakdown 
of said MISFET, for reducing a voltage di?erence 
between said gate and said second side of said imped 
ance, thereby to protect said output circuit means from 
damage by a surge of static electricity on said external 
output terminal. 

29. A semiconductor integrated circuit according to claim 
28, wherein said impedance is a ?rst impedance and said 
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surge protection means is a ?rst surge protection means, said 
output circuit means further comprising another MISFET 
having a gate, said means for connecting further comprising 
a second impedance having a ?rst side connected to the 
second line and a second side connected to said output 
circuit means, and said surge protection circuit further 
comprising a second surge protection means, connected 
between said gate of said another MISFET and said second 
side of said second impedance, and response to a breakdown 
of said output circuit means, for reducing a voltage dilTer~ 
ence between said gate of said another MISFET and said 
second side of said second impedance, thereby to further 
protect said output circuit means from damage by a surge of 
static electricity on said external output terminal. 

30. A semiconductor integrated circuit according to claim 
28, wherein said impedance is a ?rst impedance having a 
?rst impedance value, said means for connecting further 
comprising a second impedance having a ?rst side con 
nected to the second line and a second side connected to said 
output circuit means, said second impedance having a sec 
ond impedance value lower than the ?rst impedance value, 
said surge protection circuit connecting said gate to the 
second side of only said ?rst impedance. 

***** 


